Cartilage is a specialized connective tissue with a biomechanical function which is particularly suited to compressive load bearing, such as in the articular surface of diarthrodial joints. The properties of the tissue depend upon a highly organized extracellular matrix, which contains a dense network of fine collagen fibres embedded in a high concentration of large aggregating proteoglycans. It is the balance between the high osmotic swelling pressure created by the proteoglycans and the tension in the collagen network that results in the compressive properties characteristic of the tissue [ 1 1.
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The maintenance of the tissue depends on the continued activity of the chondrocytes that produce the components of the matrix. Proteoglycans are constantly turned over even in mature tissue and they are continuously synthesized and secreted by the chondrocytes [ 11. The large aggregating proteoglycan ( Fig. 1 ) contains a high molecular mass protein core (230 kDa), t o which is attached, during post-translational processing (mainly in the Golgi), a large number of chondroitin sulphate and keratan sulphate chains which make up 90% of the total mass of the secreted proteoglycan 121. There are also some N-linked and many Winked oligosaccharides attached to the protein core. Link protein is also synthesized by the chondrocytes along the same pathways as proteoglycan [ 3 ] , but the hyaluronan with which they aggregate does not share this pathway as it is synthesized at the chondrocyte plasma membrane and is therefore only available for aggregation after secretion. The extracellular assembly of aggregates, in which proteoglycans bind to hyaluronate, and are stabilized by link protein, provides a mechanism for immobilizing the proteoglycans in the matrix.
Investigation of the protein core structure has shown a single gene product which contains several distinct domains ( Fig. 1 sulphate appears to be about 260 nm long by rotary shadowing and joins G2 to the C-terminal globular domain G3 [ 5 ] .
The N-terminal domains GI and G2 have been prepared from pig laryngeal cartilage proteoglycan after proteolytic digestion [6, 71. Extensive trypsin digestion of proteoglycan aggregate leaves the G1 domain and link protein still bound to hyaluronan (HA). Although link protein loses a short Nterminal peptide under these conditions, it still retains its full properties of aggregation [6] . The G I domain, when isolated in this way, contains significant amounts of keratan sulphate and N-linked oligosaccharides and has a molecular mass of 66.5 kDa [6] . It retains its functional properties of reversible binding to HA and rotary shadowing showed no evidence of co-operativity of binding between adjacent G 1 domains on the HA backbone [ 5 ] . It also bound to link protein which stabilized the G1-HA bond and made it resistant t o HA oligosaccharide competition.
Under more gentle conditions of trypsin digestion of proteoglycan aggregate, a larger protein core fragment was isolated that contained the G1 domain and which rotary shadowing showed to be a double globe structure corresponding to G1-G2 [ S ] . This migrated as a single but broad band on SDS/PAGE ( 1 SO kDa). It remained intact on reduction of disulphide bridges and was considerably reduced in size after keratanase digestion 171. It bound to HA by one o f the globular domains ( G I ) and in the presence of link protein the second globular domain (G2) did not participate in HA interaction. Further digestion of the G1-G2 structure with V, proteinase under native conditions released a large G2 fragment (1 10 kDa) containing much keratan sulphate from a smaller G1 fragment (60 kDa) [7] . Isolation of the G2 fragment was facilitated by binding all the GI fragments t o HA. The purified G2 fragment showed no binding t o proteoglycan, HA, link protein or other cartilage matrix proteins.
DNA sequence analysis has shown that the GI, G2 domains and link protein are structurally related 18, 91. Both the G1 domain and link protein contain two structural motifs, a region with sequence similarity to an (immunoglobulin) Ig fold and a tandem repeat structure (two disulphide-bonded loops). The G2 domain also contained a tandem repeat structure (but no Ig fold). The presence of homologous sequences in the G1 domain and link protein reflects their similar properties and functions; they bind specifically to each other and also to HA, but neither function appears to be a property of the G2 domain (Table  1) . Consensus sequence analysis of the Ig-fold region of the G1 domain and link protein has identified the B-sheet pattern characteristic of the crystalline structure of variable
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Chondroitin r u l p h o t c region Ig folds found in IgG heavy o r light chains [8] . Both proteoglycan and link protein are, therefore, members of the Ig superfamily of proteins, which also include many cell surface receptors. The greatest differences between the Ig fold sequences of G 1 and link protein are in regions corresponding to the hypervariable loops and these may be involved in the specific binding between link and G1. Some evidence for this was provided by experiments which suggested that the N-terminal region of link protein was involved in its interaction with G1 and the C-terminal proteoglycan tandem repeat (PTR) region in its interaction with HA, from their trypsin sensitivity when bound to either component [ 101. This suggests that the PTR forms the site for HA binding in the G1 domain and link protein. They show similar binding affinity and specificity for HA and both bind t o a decasaccharide sequence of HA. However, the function and significance of the PTR sequence in the G2 domain, which does not show HA binding, remains unexplained.
A related protein sequence containing a single disulphidebonded loop has been reported in the extracellular domain of a cell surface protein, CD44, which appears to be involved in cell-cell or cell-matrix interactions as a lymphocyte homing receptor 111, 121. Antibodies to this protein have been shown to inhibit HA binding to lymphoid cell lines [ 131. The loop structure may, therefore, be responsible for HA binding in CD44 and related structures may be found in other HA-binding proteins that have yet to be sequenced.
In spite of the sequence similarities found in the G1 and G2 domains. and the link protein, the polyclonal antisera raised against them are specific for each protein and do not show detectable cross-reaction. These related protein structures do not, therefore, share any major antigenic determinants 171.
The C-terminal G 3 domain contains a disulphide-bonded globular structure which contains regions with sequence homology to a hepatic cell surface lectin The sequence similarity to complement B components is low, but was established by comparison using consensus sequence analysis [16] . There is a large family of other proteins, many of which contain repetitive copies of this sequence. These include: complement proteins H, C1 r, C4b-binding protein and serum proteins, haptoglobulin, factor VIII, P:-glycoprotein 1 and cell surface molecules, interleukin 2 receptor, C3d receptor and the cell adhesion molecule Mel-14 antigen [ 191. The Mel-14 antigen provides an interesting comparison with the G 3 domain as it also contains a lectin-like region and an epidermal growth factor (EGF)-like sequence. The cDNA for human G3 has been shown to have a splicing variant with an EGF-like sequence next to the lectin-like region [20] . The structural elements present in G 3 are thus very similar to those in the Mel-14 antigen, except that G 3 lacks a transmembrane and cytoplasmic domain.
The sequence adjacent to the G 3 domain, which is part of the glycosaminoglycan-attachment region, is rich in hydroxyamino acids serine and threonine, and potential chondroitin sulphate and keratan sulphate attachment sites, but thc number and distribution of these sites is quite variable over the region close to G 3 for which sequences are available. The results showed that there was much greater conservation in the globular protein rcgions than in the major extended and glycosylated domain. This may be associated with the greater constraints placed upon amino acid side-chains in globular structures than in the extended sequences.
The aggregating proteoglycan thus provides an example of a complex protein with a multiple domain structure in which a number of the structural elements are related t o proteins with other functions (Table 1 ) . These include members of the Ig superfamily and cell surface receptors for cell-cell and cell-matrix interactions. The assessment of these interrelationships may lead to a more detailed understanding of the different functions of the proteoglycan's component parts.
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